consecutively enrolled. All the patients were male between 18 and 81-year-old with history of sleep apnea and daytime sleepiness. They completed overnight polysomnography (PSG) and questionnaires. We defined OSA as 5 or more of apnea-hypopnea index (AHI) Objectives: Hyposexuality is defined as diminished sexual drive or libido. There has been little research into the sexuality in patients with obstructive sleep apnea (OSA). We investigated the prevalence and relating factors for hyposexuality in OSA men. Methods: Consecutive 182 male (mean age 48.3 y) were enrolled who were newly diagnosed with OSA through polysomnography. All completed Symptom checklist-90-Revised (SCL-90-R), Epworth Sleepiness Scale (ESS), Beck Depression Inventory (BDI), and Beck Anxiety Inventory (BAI). Subjects were divided into non-hyposexuality (score 0) and hyposexuality (score ≥1) groups according to the question "Loss of sexual interest or pleasure" in SCL-90-R. Results: 110 of 182 subjects (60.4%) answered hyposexuality (score ≥1). Significant correlations were found between hyposexuality and following factors; age (rho=0.248), BDI (rho=0.450), BAI (rho=0.410), ESS (rho=0.221), and percentage of non-REM stage 3 (N3%) (rho=-0.184). Apnea-hypopnea index was significantly correlated with nocturia (rho=0.320), ESS (r=0.230), N1% (r=0.596), N2% (r=-0.540), N3% (r=-0.195), and lowest oxygen saturation (r=-0.641). Comparing two groups, hyposexuality group showed significantly lowered total sleep time (380.2 min vs. 359.1 min), and sleep efficiency (83% vs. 76%). The severity of hyposexuality was correlated with BDI (rho=0.330), BAI (rho=0.253), and N3% (rho=-0.215) in subjects with hyposexuality. After controlling for age, polysomnographic parameters were not correlated with hyposexuality. Conclusions: About half of untreated OSA male subjects reported diminished libido. Age, daytime sleepiness, mood disorders, and decreased sleep quality were associated with hyposexuality. Of these, aging process was the most important factor for hyposexuality.
Introduction
Obstructive sleep apnea syndrome (OSA) is a common sleep disorder affecting 4 to 9% of adult males and makes repetitive upper airway obstruction occurring hundreds of times in a night. [1] [2] [3] Apnea related hypoxia triggers arousal from sleep. This induces sleep fragmentation.
Hyposexuality is defined as diminished sexual drive or libido, and may or may not be accompanied by erectile or orgasmic dysfunction. 4 Sexuality is an important aspect of life and it is known to be intimately linked with sleep. It is already known that OSA leads to reversible neuroendocrine dysfunction, which is presented by decreased plasma luteinizing hormone (LH), testosterone, and sex hormone-binding globulin levels. [5] [6] [7] Serum testosterone level rises during the rapid eye movement (REM) sleep period, especially in the first REM sleep. 8 However, OSA related sleep fragmentation disrupt attenuation of the nocturnal rise of testosterone. 9 To date, there has been no large population-based study of association between OSA and hyposexuality in South Korea. The present study is to investigate the prevalence of hyposexuality in OSA male and to explore the related factors for hyposexuality in those subjects.
AHI was lower than 5. 16 patients who had uncontrolled metabolic disorders [hypertension (HTN), diabetes mellitus (DM), chronic renal disease], psychiatric disorders, critical illness, or other sleep disorders were also excluded.
Polysomnography (PSG)
All subjects were performed overnight PSG. PSG parameters were defined according to the American Academy of Sleep Medicine. 10 Apnea was defined as a cessation of airflow through an airway for more than 10 seconds. Hypopnea was defined as a reduction in the amplitude of the respiratory flow signal of at least 50% for a minimum of 10 sec, followed by a 4% decrease in oxygen saturation or signs of physiological arousal. Electrooculography, electromyography, electroencephalography, respiration, and oxygen saturation were also recorded. Respiratory effort was measured by nasal thermistors and thoracoabdominal strain gauges. Pulse oximetry was used to record oxygen saturation. All procedures were performed by experienced technicians and PSG results were reviewed by sleep specialists.
Questionnaires
We used a question number 5 of Symptom checklist-90-Revised (SCL-90-R) to assess degree of hyposexuality. 11 The question is "Loss of sexual interest or pleasure" and the degree includes from 0 (not at all) to 4 (extremely). Epworth Sleepiness Scale (ESS) was used to measure average daytime sleepiness. 12 Score ≥9 is considered to have a excessive daytime sleepiness. Beck Depression Inventory (BDI) and Beck Anxiety Inventory (BAI) were also assessed as a clinical information.
Statistical analysis
Continuous data are presented as mean±standard deviation or median and interquartile range, as appropriate. We compared clinical data, questionnaires, and PSG parameters between patients with hyposexuality and without hyposexuality using Student t test, Mann-Whitney U test. Pearson correlation analysis, Spearman correlation analysis, and Partial correlation anaylsis were used to analyze associations among hyposexuality, clinical data, and PSG parameters. Analysis was conducted using SPSS version 18.0 software (SPSS Inc., Chicago, IL, USA), and a p<0.05 was considered statistically significant.
Results
Over the half of the patients had a complaint of hyposexuality, 110 of 182 (60.4% (Fig. 1) . Similar patterns were appeared in the patients with hyposexuality. BDI (rho=0.330; p<0.001) and BAI (rho=0.253; p= 0.008) were shown positive correlation, and N3% was seen negative correlation with hyposexuality (rho=-0.215; p= 0.024) (Fig. 2) . However, after controlling for age factor, the severity of hyposexuality presented positive correlation only with BAI (r=0.350; p=0.010), BDI (r=0.439; p=0.001), and ESS (r=0.292; p=0.034) in whole patients group (Table 3) . And in hyposexuality group, there were no significant correlation of the severity of hyposexuality with clinical and sleep parameters.
In (Table 4) .
Discussion
This retrospective study focuses on hyposexuality in male with untreated OSA. First of all, we excluded patients with metabolic syndrome which are related to OSA. Because uncontrolled HTN and DM are known causes to make hyposexuality. Hypertension related atherosclerotic process damage to vascular and perivascular genital tissues. 13, 14 Diabetes is associated with all domains of sexual functions including decreased sexual drive, erectile dysfunction, and sexual satisfaction. 15 These are possibly related with the development of peripheral neuropathy, abnormal neural control, vascular insufficiency and psychological problems have been implicated in decreased sexual desire. 15, 16 We demonstrated that untreated OSA leads to hyposexuality in over half of male patients (60.4%) and poor sleep quality was correlated with decreased libido. TST and percentage of sleep efficiency (SE%) were decreased in hyposexuality group. In some previous studies, apneic patients tend to have lower TST, which was related to less SE% and higher daytime sleepiness. Because OSA related recurrent flow-limited breathing and episodic oxygen desaturation that is terminated with arousals. 17, 18 We also found that the less slow wave sleep including N3, the more severe hyposexuality were presented. This pattern is similar in both whole OSA patients and hyposexuality group 
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analysis. There were no significant difference of WASO and arousal index between two groups in our study. However, the mean values were much higher than normal range. These are related to visible or non-visible arousal and produce sleep fragmentation. 19, 20 That is to reduce slow wave sleep, sleep efficiency and increase N1%.
In some previous studies, the reduced amounts of LH and testosterone level is associated with OSA related sleep fragmentation and sexual dysfunction. 8, 9 Their significant association suggest that the pituitary-gonadal dysfunction is a consequence of OSA. 6 In another study demostrated that male with lower testosterone levels had lower sleep efficiency, increased nocturnal awakenings and less time in slow wave sleep. 21 Our results of low sleep efficiency and negative correlation of N3% with hyposexuality are matched with these studies.
When we control the age factor, BDI, BAI, and ESS were remained significant positive correlation with the severity of hyposexuality. On the other hand, PSG parameters were not correlated with the hyposexuality. These results could be come from some reasons. First of all, age is a core factor that leads to hyposexuality. In previous studies, age of patients affect negatively to sexual drive. Laumann et al. reported that increasing age for men is positively associated with erection problems and decreased sexual drive. 22 40 to 60 years men presented 3 times as likely to experience low sexual desire in comparison to men aged 18 to 29 years. Sternbach et al. reported that age-associated decline of testosterone level diminished libido. As men age, the free testosterone level declines approximately 1% per year. In this study, administration of testosterone improved in 70 to 80% of patients with hyposexuality. 23, 24 Second, patient numbers were relatively small. Third, the questionnaire used for patients grouping was relatively crude. SCL-90-R classified the degree of hyposexuality according to patients' subjective opinion. Thus, more objective and sensitive questionnaires are needed in further studies.
In respect of AHI, it had positive correlation with nocturia.
Nocturia was defined as two or more voids per night. In other studies, nocturia was found in about 40% of OSA patients and the AHI was higher in patients with nocturia than in those without it, even in less than 50 years of age. 25 Various investigations suggested that an increased atrial natriuretic peptide (ANP) release is related to nocturia. 26, 27 Low oxygen saturation and right atrial stretching secondary to increased intrathoracic pressure could be possible causes for increased ANP secretion in OSA. 28, 29 It has been known that the severity of AHI was associated with sleep fragmentation. This makes shift of slow wave sleep to non-REM stage 1 (N1) and excessive daytime sleepiness. 30, 31 Our correlation analysis of AHI also presented same results (Table 4) .
Depression and anxiety are causes for sexual dysfunction. Depression is presented with loss of interest, reduction in energy, and inability to experience pleasure. These symptoms are expected to produce difficult sexual relationships. Hyposexuality was reported by over 70% of patients with depression and anxiety. 32, 33 Our results of BDI and BAI were significantly higher in patients with hyposexuality.
There is a limitation in this study. We used only one questionnaire, the question number 5 of SCL-90, to evaluate the severity of hyposexuality. However, in previous studies, loss of sexual drive was measured by question number 5 of SCL-90-R. Karp et al. showed that both loss-of-libido items of Hamilton Rating Scale for Depression-16 and SCL-90 presented similar correlation result to assess hyposexuality. 34 Other studies also used the SCL-90 to evaluate sexual life. 35, 36 Therefore, the question 5 of SCL-90 can be used to assess degree of hyposexuality.
In conclusion, decreased sleep quality significantly reduce sexual drive in untreated OSA male. The most important factor that associated with hyposexuality is aging process. Further investigations will be required to identify an improvement of hyposexuality in treated OSA patients and what are additional tests or questionnaires to confirm their sexual problems. 
